In order to study the heteroepitaxial growth of gallium arsenide on silicon
Introduction
Several problems arise during the growth of 111-V semiconductors on silicon /1/&/2/ among which the most important are: polar on nonpolar heteroepitaxy which may cause antiphase domains, and a large amount of dislocations due to the lattice mismatch and the difference of thermal expansion coefficients between the epilayer and the substrate. Other kinds of defect are sometime observed such as microcracks and amorphous patches at the interface. The most widespread technique to study these materials is Transmission Electron Microscopy (TEM) and especially High Resolution Transmission Electron Microscopy (HRTEM) .
The first Small Angle X-ray Scattering (SAXS) experiments aiming to characterize this kind of material has been performed by Okuda et al. /3/ . The purpose was to study the phase decomposition in Gallium Indium Phosphide grown on Gallium Arsenide on Silicon. It appeared that GaAs on Si itself produced a strong, anisotropic scattering. This was a drawback for the purpose of the experiment but proved that SAXS is a suitable technique to get some informations about GaAs/Si. In the present paper, the origin of the SAXS signal is discussed.
Ekper iments
The GaAs layers have been grown on Si(001) substrates of which the surface was few degree misoriented from the (001) The experiments were performed at the beam line 15A at the Photon Factory in KEK (Tsukuba), in transmission mode. The camera configuration is displayed in fig.1 . The samples were mounted on a two axis of rotation sample holder which allowed a rotation a around the vertical axis perpendicular to the X-ray beam and a rotation P around the normal to the surface of the sample. The two dimensional SAXS data were collected using Imaging Plates /4/. In order to obtain a good signal/noise ratio, the whoie X-ray path was in vacuum. The wave length of the X-ray beam was 1.5 A.
results and discussions
The SAXS patterns present-two kinds of features: (i) a diffuse halo around the direct beam and (ii) tyo streaks parallel to the crystallographic directions [I101 and [I101 of the sample when the Xray beam is parallel to the normal of the surface of the specimen. The SAXS signal provided by the silicon substrate without epilayer did not depart significantly from the background. Both features (i) and (ii) will be discussed separately.
-1 ) -The contour map of the intensity for a GaAs/Si sample grown by ALE, after subtraction of the background (i.e. the intensity obtained without sample) is shown in fig.2 . The intensity is reported in arbitrary unit and qx and qy are the components of the scattering vector q (q = 4n/A.sin(0) where 20 is the scattering angle) in the plane perpendicular to the X-ray beam. q is parallel to the axis of the rotation a. The profile is isotropic $or a = 0 ' ( fig.2.a) there is therefore no special orientation in the plane of the interface. When aincreases,( a = 60' in fig.2.b) , the pattern is elongated in the direction perpendicular to the axis of rotation. This observation does not depend on P . Thus, the fluctuation of the electronic density responsible for the SAXS signal is more extended in the plane of the interface than in the direction of the normal to the surface.
Since the intensity is of the same order of magnitude for both kinds of sample, the number ef scatterers does not increase when the thick layer grown by MOCVD is deposited on the ALE grown prelayer, therefore, the origin of the scattering is should be situated at the interface. As shown in fig.3 , the signal is not strongly affected by the misorientation of the silicon substrate (then the density of steps at the interface). The crystallographic defects, namely antiphase boundary, stacking faults and dislocation can't be accountable for such a scattering. two candidates may be considered. The first possibility is some amorphous or misoriented patches observed by HRTEM at the interface by Koch et a1 /5/ and Hull et a1 /6/. The nature of these defects is not clear but there geometrical characteristics (i.e. flat lens or platelet) are compatible with the SAXS signal described above. The second possibility is diffusion at the interface.
As shown in fig.4 , the Rutherford Back Scattering (RBS) spectrum of a thin ALE grown sample presents a shoulder at the edge of the Silicon fig.2 .a reveals that these streaks are also present in the case of thin ALE grown samples, but in this case they are much weaker. Several kinds of possible defects have been considered to explain the origin of this scattering /9/ without really conclusive outcomes. Given the dependence on the thickness of the epilayer and the dissymetry with respect to the origin of the steaks, this part of the SAXS pattern should be due or to some dynamical effect or to some cristallin defect. 
Concluding remarks
Before to start a quantitative study of the heteroepitaxial growth of GaAs/Si it is necessary to elucidate some questions about the origin of the scattered intensity. However, two main features have been observed. One is a signal distributed all around the direct beam which is due to interfacial defects. This point deserves to be further investigated since there are few other techniques adapted for the characterization-of these defects. The other point is a pair of streaks in [I101 and [I101 directions when the X-ray beam is perpendicular to the surface of the sample. It is now difficult to say which outcome can be expected from it for the study of the growth of GaAs/Si, but, from experimental point of view, it is interesting to carry on with the investigation of this profile.
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